Despite decades of research assessing the genetic structure of natural populations, the 24 biological meaning of low yet significant genetic divergence often remains unclear due to a 25 lack of associated phenotypic and ecological information. At the same time, structured 26 populations with low genetic divergence and overlapping boundaries can potentially provide 27 excellent models to study adaptation and reproductive isolation in cases where high 28 resolution genetic markers and relevant phenotypic and life history information are available.
Abstract
Introduction 42 Defining populations based on genetic markers has a long history in evolutionary biology 43 (reviewed by Waples & Gaggiotti 2006) . The emergence of each new type of molecular 44 marker has seen new discoveries in the extent and scale at which genetic divergence is Figure 1 ). Because of this, we also included a test of genetic isolation 248 by region where genetic similarity of fish from the lower (< 140km) and the upper (> 180 249 km) stretches of the river were compared. A small number of fish sampled within this sandy 250 region (3% of the final dataset) were excluded from this Mantel test. We constructed the 251 distance matrix as follows: any two fish that were sampled in the same region were scored as 252 "0" in the distance matrix (i.e. no distance between them), whereas fish that were not sampled 253 in the same region were scored "1". Finally, we quantified the relative contribution of 254 distance (km) vs sub-region (upper vs lower) effect in explaining the pairwise genetic 255 distance between individuals. The two matrices (distance matrix vs sub-region matrix) are
The among sub-population variation in continuous growth traits was evaluated using a linear 262 mixed effect model, where parameters were estimated with maximum likelihood using the 263 LME4 package v1.1-7 in R v 3.1.0 (Bates 2010). The model included the sub-population of 264 origin (as inferred by structure analysis at q = 0.8), SW age, FW age, and the genetically 265 assigned sex as fixed effects, and year of sampling as a random effect. These covariates were 266 chosen because they are either inherently or likely to be associated with the traits of interest.
267
For example, SW age and sex are both strong predictors of sea growth, while FW age is a 268 good predictor of freshwater growth and total size in the fresh water. The model was 269 parametrically bootstrapped 10000 times using the bootMer function in LME4, from which the 270 sampling median and 95% confidence interval of the parameters were calculated. Finally, the 271 null hypothesis, that the parameter has no effect on the response variable, was evaluated at 272 two alpha values, 0.05 and 0.001, which denote the proportion of (bootstrapped) parameter 273 estimates with an opposite sign to the null. All phenotypic measurements other than CF were 274 log scaled to achieve normality. In addition to the continuous traits, the two categorical traits 275 FW age and SW age were tested for association with sub-population of origin, using a 276 generalized linear model (Poisson error function and log link), where SW age was modelled 277 as number of years that maturation was delayed beyond SW age = 1, otherwise with the same 278 procedure as above. We then extended the phenotype analysis to assess a potential isolation 279 barrier between the upper and lower sections of the river that are separated by a sandy stretch 280 of river that is mostly unsuitable for spawning and juvenile rearing. Therefore, we re-281 formulated the above linear mixed effect by replacing the "sub-population" term with "sub- additional phenotypic traits was investigated. Population stratification was accounted for 295 either by including the significant principal components to the model as fixed effects, or 296 using genomic control whereby the test statistic was divided by the genomic inflation factor 297 (i.e. , Price et al. 2010) . Principal components were added sequentially until the inflation 298 factor (lambda) was less than 1.1. The significance threshold for genome-wide association 299 after multiple testing at = 0.05 was calculated using the Bonferroni method.
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Adaptive divergence among populations 301 We evaluated the role of adaptive divergent selection among populations using a P ST -F ST 302 comparison (Brommer 2011). This is an extension of the Q ST -F ST framework, in which the 303 proportion of additive genetic contribution to population divergence is estimated within a 304 range of values to infer the robustness of the selection signal. This was determined using the 305 following equation:
where GB 2 and GW 2 are the variances between and within each population, respectively (i.e. 309 residuals of the model); h 2 is heritability; and c is the proportion of the total variance that is 310 presumed to be due to additive genetic effects across populations (Leinonen et al. 2006; 311 Brommer 2011). We estimated the among population variation using a mixed model 312 approach, where significant covariates (as evaluated in the linear model above) were included 313 as fixed terms and population provenance as a random term using a restricted maximum 314 likelihood approach (REML) as implemented in the LME4 package v1.1-7 (Bates and allelic substitution effects of these SNPs did not explain phenotypic variation within sub-their current habitats being in previously glaciated regions, salmonid fishes have frequently conducted with as many genetic markers as used here, it remains to be seen whether Teno 606 River Atlantic salmon represent an exception for the occurrence of such fine scale 607 differentiation in sympatry or whether these findings may be generalized to other large 608 salmon river systems or even more broadly. Likewise, the system appears to be an excellent 609 wild model to study the evolution of life history trade-offs and to improve our understanding 610 of the dynamics of life history evolution both at population and meta-population levels.
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Acknowledgements 612 We acknowledge the fishermen and women on the Teno River who contributed scales and Table 3 : Estimated fixed effects and random variance components in the mixed model analysis of phenotypic variation within and between the inferred populations of Atlantic salmon in the mainstem Teno River. The 95% confidence intervals, estimated by parametric bootstrapping, are given in parentheses. Asterisks denote effect sizes significantly different from zero 1 (*** = 0.001, *= 0.05).All continuous traits other than condition factor are log scaled inferred by the linear model (See Table 2 for details). 
